Centaur/Surveyor separation system validation test by Deweese, R. L.
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INTRODUCTION: 
Th i s  phase of t e s t i n g  c o n s i s t e d  of two t e s t  r u n s ,  performed t o  
e v a l u a t e  t h e  55-71190 Centaur/Surveyor "Pin-Pul ler i i  Sepa ra t ion  
System under s imula t ed  zero-gravi ty  cond i t ions .  
Two t es t  phases  w e r e  performed p rev ious ly  u s i n g  t h e  55-71155 
and 55-'/1187 Sepa ra t ion  Latches. 
are g iven  i n  Engineer ing T e s t  Reports  5 5 B  2589-1 and 55B 2589-2. 
OBJECTIVE: 
T e s t  r e s u l t s  f o r  t h e s e  t es t s  
The primary o b j e c t i v e  of t h i s  tes t  phase w a s  t o  v e r i f y  proper  
f u n c t i o n i n g  of t h e  55-71190 Centaur/Surveyor Separa t ion-  
J e t t i s o n  System under cond, i t ions of s i m u l a t e d  aero-gravi ty .  
Detailed test objectives were as followe: . 
1. Measure p i t c h  and yaw imparted t o  t h e  space- 
c r a f t  by t h e  s e p a r a t i o n  system dur ing  j e t t i s o n .  
2. Determine the  nominal a x i a l  s e p a r a t i o n  v e l o c i t y  
imparted t o  the s p a c e c r a f t  by t h e  s e p a r a t i o n  
system. 
3. itieasure j e t t i s o n  s p r i n g  ex tens ion  v e r s u s  t ime,  
a t  a l l  t h r e e  s p r i n g  loca t ions .  
4. Demonstrate t h e  a b i l i t y  of t h e  55-71190 separa-  




1 .  
CONCLUSIONS: 
The 55-71190 Cen 
t i o n - J e t  t i s o n  system func t ioned  s a t i s f a c t o r i l y  under condition. 
of s imula t ed  zero g r a v i t y ,  with p r e t e n s i o n  l o a d i  o f2x )o  . 
pounds a t  each  f i t t ing.  
i n - h l l e r  C o n f i p r a t i e n "  Sepma- 
P .  
During t e s t  p r e p a r a t i o n ,  c e r t a i n  d i f f i c u l t i e s  w e r e  encountered w i t h  
i n s t a l l a t i o n  o f  t h e  55-71190 l a t c h e s .  
r e l a t e d  t o  t h e  f u n c t i o n a l  i n t e g r i t y  of t h e  l a t c h  i n s t a l l a t i o n .  
They are summarized a8 follows: 
These d i f f i c u l t i e s  were n o t  
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1. Latch I n s t a l l a t i o n .  . 2 A, r' 
( a )  The 55-71141 Payload Adapter r i v e t  head c l e a r a n c e  
was marginal  f o r  proper  p o s i t i o n i n g  of t h e  
55-7119347 F i l l e r  ( t h e  f i l l e r  w a s  n o t  i d e n t i -  
f i e d  or re ferenced  on t h e  55-71190 Latch  
I n s t a l l a t i o n  Drawing). The test i n s t a l l a t i o n  
a t  one l a t c h  could n o t  be accomplished r i t h -  
ou t  f i r s t  removing a p o r t i o n  of some r i v e t  
heads. T h i s  cond i t ion  cou ld  p o s s i b l y  be 
improved i f  t h e  o v e r a l l  width dimension of 
t h e  f i l l e r  vas reduced. 
1 
I 
i n s t a l l a t i o n  of t h e  
I d  or guard would be d e s i r a b l e  for t h i s  
i n s t a l l a t i o n .  One s t r a i n  gage w a s  damaged 
dur ing  p repa ra t ions  for T e s t  Run Number One, 
d e s p i t e  c a u t i o u s  hand1 ing.  
(b) The r e l i e f  which was c u t  i n  the 55-71175 
Barre l  for the s t r a i n  gage l e a d  wi re  had a 
sharp edge. A r a d i u s  a t  t h i s  r e l i e f  might 
reduce the  p o s s i b i l i t y  of damage t o  t h e  
s t r a i n  gage l e a d s  due t o  chaf ing .  
') 
3. Conax Latch Pin i n s t a l l a t i o n .  
90-3 Shim w a s  too thick for preche 
g of t h e  84-gSssO-~Z  Latch  P h .  
him caused a r o t a t i o a  of approxirat 
the p e l t i o n i n s  ai the l a t c h  pin 
p a r t s .  
.ring of 8 maximum nuaber  of 6 h i u  allowcr- 
e per . ilrstgllation. 
There w a s  no i n d i c a t i o n  on t 
In order t o  aceompli8h 
the test i n s t a l l a t i o n ,  s u p p l e r c n t a r y  shim 
from a laminated m a t e r i a l  might be cons idered  
which could  be *tpeeled'8 in s m a l l  increment6 
t o  t h e  r e q u i r e d  th i ckness .  
iiiateiial ~ ~ 2 8 .  A shim   as he^ f ~ h r i c + , e d  . 
0 
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TEST FIXTURE: 
The b a s i c  tes t  f i x t u r e  cons i s t ed  of a heavy s tee l  frame s t r u c t u r e  
measuring approximtely f i f t e e n  f e e t  h igh ,  s i x t e e n  f e e t  wide,  and 
t e n  f e e t  deep. This  f i x t u r e  se rved  as a r i g i d  mounting base f o r  
s u p p o r t i n g  (1) a 1.25 inch  t h i c k  aluminum back-plate  on which 
t h e  payload adap te r  assembly was mounted; (2 )  a s p e c i a l a i r  
suspens ion  assembly from which t h e  s p a c e c r a f t  w a s  suspended. 
The a i r  suspension assembly c o n s i s t e d  of an a i r - b e a r i n g  s c o o t e r  
and an a i r - s p r i n g  suspension c y l i n d e r .  The a i r - b e a r i n g  s c o o t e r  
rode  on a machined s t ee l  p l a t e  mounted t o  t h e  t o p  of t h e  t e s t  
f i x t u r e ,  w i t h  p rov i s ion  f o r  p r e c i s i o n  l e v e l i n g .  The s c o o t e r  and 
p l a t e  s e rved  a s  a n e a r - f r i c t i o n l e s s  pneumatic bea r ing ,  suppor t ing  
t h e  weight  of t h e  s p a c e c r a f t  on a f i l m  o f  h igh  p r e s s u r e  air. It 
provided  +3,incherc of l a t e r a l  movement and t h i r t y  inchea of 
l o n g i  t u d i z a l  movement. 
v e r t i c a l l y  from t h e  s c o o t e r ,  p rov id ing  a p r e c i s i o n  pneumatic 
counterba lance  for t h e  s p a c e c r a f t  weight  and p rov id ing  +3 inchee  
of v e r t i c a l  s p a c e c r a f t  movement as w e l l  a6 n e a r - f r i c t i o 2 e s s  
r o t a t i o n  about t h e  c y l i n d e r  a x i s .  The s p r i n g  c o n s t a n t  of t h e  
a i r - s p r i n g  c y l i n d e r  was approximately 5 pounds p e r  inch.  The 
s p a c e c r a f t  mass model was suspended by t w o  knife-edge bea r ings  
which were mounted i n  a yoke a t t a c h e d  t o  t h e  a i r - s p r i n g  c y l i n d e r ,  
s e e  F igure  9. In  summary, l a t e r a l  and l o n g i t u d i n a l  freedom of 
s p a c e c r a f t  m o t i o n  were provided by t h e  a i r - b e a r i n g  s c o o t e r .  
V e r t i c a l  freedom was provided by t h e  a i r - s p r i n g  c y l i n d e r .  P i t c h  
and yaw freedom were provided by t h e  knife-edge b e a r i n g s  and 
r o t a t i o n  of t h e  a i r - s p r i n g  c y l i n d e r  p i s t o n  i n  its a i r - b e a r i n g  
The air-spring cyLinder  was suspenddl 
~ 
twelve  feet high  w a s  mdunted om top'of 
me over.the a i r -bea r ing  s c o o t e r  assembly, t o  .up 
i=.sq@y linCn m d  minimize effects of these linea om 
emow,+& rovement. 
ou t  air ctzrrents. 
The test f i x t u r e  w a s  par t i a l ly  enc losed  t o  keep 
. 
. 4 I ,  , 
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TEST SPECIMEN: 
The assemblies and installations making up the test specimen are 








Latch Inst allat ion = 
Separation, Surveyor 
Conax Latch Pin 
Conax Explosive Squib 













The spacecraft mass model w a s  modified for this test as follows: 
’ 1, Knife-edge& were installed on.the f 
plate of 
2. Extension elded to the latch mounting 
plate to provide bearing surface. for the . “i 
jettimoa epFin.Jp, I 
3; Steel  reightn;  sufficient-to move the modci I 
. .  
- center-of-gravity to the knife-edges, were 
installed on the back-plate of the model, 
Total weight of the model as used was 2260 
pounds, compared to 2111.25 pounds for the 
Hughes T-1 Surveyor Test Vehicle used in 
previous testa. 
No attempt was made to duplicate a flight electrical system. 
explosive squib at each latch w a s  fired by a 28 volt direct current 
power supply. 
One 
a '  
\- I * '  ' ,  . a  
* 
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TEST INSTRUMENTATION: 
Due t o  t h e  expedi ted  n a t u r e  of t h i s  t e s t ,  i n s t rumen ta t ion  w a a  
minimized. 
is d e s c r i b e d  below. 
Ins t rumen ta t ion  provided f o r  t h i s  phase of t e s t i n g  
1. J e t t i s o n  Spr ing  P i s t o n  Displacement During t h e  J e t t i s o n  
Sequence: Lockheed WR-8 l i n e a r  motion t r a n s d u c e r s  were 
used t o  measure t h i s  parameter a t  a l l  t h r e e  j e t t i s o n  
s p r i n g  l o c a t i o n s .  The t r ansduce r  i n s t a l l a t i o n  is 
shown i n  F igure  14. 
compressing the  j e t t i s o n  s p r i n g s  u s i n g  t h e  t o o l  
shown i n  F igure  15, and r e c o r d i n g  t h e  r e s u l t a n t  
r e c o r d e r  galvanometer d e f l e c t i o n s  a t  known d i sp lace -  
ment intervals. During the tes t  ~equemc*, the. 
o s c i l l o g r a p h  r e c o r d e r  was ope ra t ed  at  a paper speed 
of  69 i ncnes  p e r  second. 
C a l i b r a t i o n s  w e r e  performed by 
2. S p a c e c r a f t  Displacement a f t e r  Sepa ra t ion :  A 400 frame 
p e r  second camera w a s  set up as shown i n  F igure  11 
t o  r eco rd  t h i s  parameter. Exact frame ra te  w a s  
determined by f i r i n g  a f l a s h  b u l b  a t  T-0 and a t  
approximately T+3 seconds. Corresponding e v e n t s  
were recorded  on t h e  o s c i l l o g r a p h  r e c o r d e r  to \  
. de t e rmine  t h e  exac t  time i n t e r v a l  between f l a s h  
bulb events .  With t h i s  i n fo rma t ion ,  e x a c t  motion 
p i c t u r e  frame rates w e r e  e s t a b l i s h e d .  The movie 
f i l m  w a s  viewed on a Vanguard Film Analyzer f o r  
final data r e d u c t i o n ,  and a s u i t a b l e  parallax 
- .  
3 del P i t c h  and Yarr: A 400 fram 
. .  1- set us r__r rh@m in !%=€e 110. to 
rs. Exact frame rate WIU - 
ined as in i t e m  2 above. A motion picture 
, marked in one-inch square., w a a  attaehed 
t o  the m e  of t h e  s p a c e c r a f t  model. The film " 
used to vier $he i i i ~ t i ~ f i  of this C,~~-get  d u r i ~ g  tke  
j e t t i s o n  sequence had a pre-exposed c r o e s h a i r  
f o r  u se  as a r e f e r e n c e  i n  de te rmining  t h e  amount 
of p i t c h  and yaw. Data ob ta ined  was used t o  
c a l c u l a t e  t i p - o f f  i n  degree.. 
A t h i r d  camera w a s  pos i t ioned  t o  view one of  t h e  l a t c h / s p r i n g  . 
i n s t a l l a t i o n s  du r ing  t h e  j e t t i s o n  sequence,  a8 shown i n  Figure 12. 
- - .  . . .  







5 .  
- _  
6.  
7.  
8 .  
9. 
10. 
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sequence of even t s  used f o r  t e s t i n g  was as fo l lows:  
Ins t rumen ta t ion  w a s  se t  up and c a l i b r a t e d .  
Note: As a p a r t  of t he  c a l i b r a t i o n  procedure,  
t h e  j e t t i s o n  s p r i n g s  were compressed a6 
shown i n  F igure  15. R e t a i n e r s  made 
from 0.50 inch  tub ing  were i n s e r t e d  
around t h e  s p r i n g  p i s t o n s  t o  keep the 
s p r i n g s  compressed d u r i n g  s p a c e c r a f t  
mating, as shown i n  F igure  14. 
The s p a c e c r a f t  w a s  "f loa ted"  on t h e  air-epreg 
c y l i n d e r  a t  approximate mating h e i g h t ,  and physically 
mated t o  t h e  payload adapter .  
Using a s i g h t  l e v e l  i n  f r o n t  of t h e  t e s t  f i x t u r e ,  t h e  
mated he igh t  of t h e  s p a c e c r a f t  was e s t a b l i s h e d  and 
recorded. See F igure  10. 
The s p a c e c r a f t  was manually dematcd from the payioad 
adap te r  . 
'I'he a i r - s p r i n g  pneumatic c o n t r o l s  were a d j u s t e d  u n t i l  
t h e  s p a c e c r a i t  was f l o a t i n g  a t  t h e  mating h e i g h t  i n  
a s t a b l e  condi t ion .  
The s p a c e c r a f t  model r a 6  then  mated t o  t h e  p a y l o a d .  . 
adap te r ,  and t h e  pre-compressed j e t t i s o n  s p r i n g s  were 
f r e e d  by removing t h e  retainers mentioned i n  step 0118. 
Each s e p a r a t i o n  l a t c h  was to rqued  t o  a pre - t ens ion  load 
of 2000 pounds, u s i n g  a SR-4 s t r a i n  i n d i c a t o r  t o  read 
t h e  o u t p u t  of a four.arr s t r a i n  gage at each  latch. 
See Figure 20. 
The pyro technic  f i r i n g  h a r n e s s  was checked for zero-  
v o l  tage.  
One l i v e  s q u i o  and one dummy s q u i b  were i n s t a l l e d  i n  
each l a t c h  p in .  The f i r i n g  ha rness  w a s  then  connected. 
> .  
I 
I 
Afte r  f i n a l  motion p i c t u r e  s e t u p  and tes t  p r e p a r a t i o n  
had been completed,  the t es t  c o n t r o l  au tomat ic  sequencer  
was s t a r t e d .  Ihe automatic sequence of  evento  i6 
summarized (u fol lows:  
. . _ I  . . :. - -~ .. . . , _ -  
I ... . . I L .. . ..-. . . -  _ .  _- ... 
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TEST PROCEDURE: (Continued)  
T-5 seconds Automatic sequencer  on. 
T-2 seconds 
T-0 seconds 
Cameras and o s c i l l o g r a p h  r e c o r d e r  on. 
Separa t ion  Latch pyro technic  f i r i n g  
c i r c u i t  energ ized .  F l a sh  bulb  event. 
T+3 seconds F l a s h  bulb t iming  event .  
T+5 seconds A l l  c i r c u i t s  o f f .  
11. The s p a c e c r a f t  was manually r e s t r a i n e d  af ter  r each ing  its 
l i m i t  of travel. \ -  
TEST RESULTS: 
Two t e s t  runs  w e r e  conducted on t h e  Centaur/Surveyor P in -Pu l l e r  
Configurat ion.  S e p m a t i o n  System i n  t h i s  t e s t  phase. 
t e s t  phases ,  u s ing  t h e  55-71155 and 55-71187 Latch Conf igura t ions ,  
a r e  desc r ibed  i n  Engineer ing  T e s t  Reports 55B 2589-1 and 
! b o  previous  
5 5 B  2589-2. 
The 55-71190 Latches performed s a t i s f a c t o r i l y  d u r i n g  t h i s  t es t  
phase.  
la tches  are desc r ibed  i n  t h e  Recommendations S e c t i o n  of t h i s  
r e p o r t  . 
The velocity imparted to the m a s 8  model by t h e  s e p a r a t i o n  spring 
88 measured between one"and twenty-four inches  of travel, w a d  
0,700 feet per second for Test Run One and 0.685 f e t t  per eccond 
fer T e s t  ,*e me, 
Figurea 5 and 6 show the spacecraft model p i t c h  and yaw vermus 
t i m e .  It w i l l  be noted that t i p - o f f  of  t h e  model does not 8taFt 
immediately. This could be due to some flexure i n  the suspension 
yoke during ~ e p w a i i u a  ipavtl .  
J e t t i s o n  s p r i n g  displacement  v e r s u s  t i m e  is p l o t t e d  i n  Figures 1 
and 2. Facs imi les  of o s c i l l o g r a p h  d a t a  from which t h e s e  figure.  
w e r e  prepared are shown in Figures  7 and 8. 
Movie f i l m  r e c o r d s  of t h e s e  t e s t s ,  as desc r ibed  i n  t h e  Ins t rumenta t ion  
S e c t i o n  of t h i s  r e p o r t ,  are f i l e d  i n  t h e  Motion P i c t u r e  F i l m  Archive. 
unde r  T e s t  Number 55A 4173-1, Centaur/Surveyor Sepa ra t ion  System 
V a l i d a t i o n  Test.  
Ce r t a in  d i f f i c u l t i e s  experienced d u r i n g  i n s t a l l a t i o n  of  t h e  
see Pigzres 3 nne 4c 
- .  r . . . . . . ,_ . - . . . , . . . . I 
. .  . .. - .  _ _ ,  ~ 
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TEST RESULTS: (Continued) 
NOTE: T e s t  data from which t h i s  report  w a s  prepared are 
recorded i n  lhgineering T e s t  Laboratory Data Books, 
Numbers 7951, 7982, and 27671. 
. 
I 
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FIGURE 9 
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CAHERb SETUP TO VIJW LATCH 
AND S P R I N G  INSTALLATION 
! 
i 
. .  
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FICUELE 14 
LINEAR MOTION TRANSDUCER 1NSTALLATION 
FOR MEASURlKC JETTISON S P R I N G  DISPLACEWBT 
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FIGURE 16 
55-71190 SEPARATION LATCH COMPONENTS 
, .  . . .  
I 
I 
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55-71190 SEPARATION LATCH ASSEMBLY 
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? FIGURE 10 
SEPARATION LATCH AND JETTISON SPRKNG 
INSA’ALLATION ON PAYMAD ADAPTER 
. .  . ? . - . ,.. . . .  , . . .  . .- . . .  - -  . 
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FIGURE 20 
SETTING UP OF SEPARATION LATCH PREU)ADS 
! 
.. . . . .  .
i 
1 
_I 
i 4 
i 
